Abstract: Though fibromyalgia is not traditionally considered an inflammatory disorder, evidence for elevated inflammatory processes has been noted in this disorder in multiple studies. Support for inflammatory markers in fibromyalgia has been somewhat equivocal to date, potentially due to inattention to salient patient characteristics that may affect inflammation, such as psychiatric distress and aging milestones like menopause. The current study examined the relationships between proinflammatory cytokines and hormone levels, pain intensity, and psychological distress in a sample of 34 premenopausal and postmenopausal women with fibromyalgia. Our results indicated significant relationships between interleukin-8 and ratings of pain catastrophizing (r=0.555, P,0.05), pain anxiety (r=0.559, P,0.05), and depression (r=0.551, P,0.05) for postmenopausal women but not premenopausal women (r,0.20 in all cases). Consistent with previous studies, ratios of interleukin-6 to interleukin-10 were significantly lower in individuals with greater levels of depressive symptoms (r=−0.239, P,0.05). Contrary to previous research, however, dehydroepiandrosterone sulfate did not correlate with pain intensity or psychological or biological variables. The results of the current study highlight the importance of psychological functioning and milestones of aging in the examination of inflammatory processes in fibromyalgia.
Introduction
Fibromyalgia (FM) is a chronic pain disorder that is characterized by widespread bodily pain with a prevalence of 2% of the US population. 1 FM is characterized by widespread bodily pain for at least 3 months that is accompanied by significant complaints of fatigue, sleep disturbance, and cognitive symptoms, 2 and also shows comorbidity with other somatic complaints, including headaches and gastrointestinal pain. 3 As these symptoms overlap with other somatic disorders like chronic fatigue syndrome and irritable bowel syndrome, it has been suggested that FM should be defined more broadly as a somatic distress disorder consisting of multiple physical symptoms, rather than strictly a chronic pain disorder. 4 
Inflammatory processes in FM
processes that may be contributory factors to FM. 9 Indeed, at a minimum, these findings suggest that there are likely to be subclinical elevations in inflammation in this syndrome. 10 Typically, proinflammatory cytokines are released as part of an acute-phase response to an inflammatory stimulus and are centrally involved as mediators of immune responses. 11 Elevated levels of circulating inflammatory cytokines and chemokines, small cytokines involved in chemotaxis, have been reported by various researchers in studies of individuals with FM, including interleukin (IL)-6, IL-8, IL-10, and tumor necrosis factor-α (TNF-α).
IL-6, a proinflammatory cytokine related to major depression and various symptoms characteristic of FM (including hyperalgesia, fatigue, and depression), has been correlated with pain levels in some pain populations. 12 IL-8 is a proinflammatory chemokine involved in increased nociceptive sensitivity and promotion of sympathetic pain, 13, 14 as well as major depression. 15 Results from a recent metaanalysis 16 suggest that proinflammatory IL-6 and IL-8 are cytokines most commonly elevated in individuals with FM. The proinflammatory cytokine TNF-α, which is typically involved in acute-phase inflammation, has also been found in higher serum levels in individuals with FM. 17 Additionally, elevations of IL-10, a cytokine involved in the regulation of inflammatory processes that is typically closely associated with IL-6, have been reported in some individuals with FM without accompanying elevations in IL-6 in FM. 18 Evidence regarding IL-10 and TNF-α in FM is somewhat less robust, though the presence of these markers in the literature warrants their inclusion in future studies.
In addition to cytokine dysregulation, there may be hormonal differences that underlie inflammatory processes in FM. Dysregulation of dehydroepiandrosterone sulfate (DHEA-S), an endogenous steroid hormone, may play an etiologic role in the maintenance of FM symptomatology, as it modulates inflammatory responses through direct inhibition of IL-6 and TNF-α activity 19 and indirectly through promotion of IL-10 release. 20 The normative decline of DHEA-S levels with age has been theoretically linked with the onset of FM symptomatology across the life span. 21 
Psychiatric distress and FM
High levels of psychiatric distress are common in FM; some estimates suggest a lifetime prevalence of major depressive disorder in this population as high as 68%, as well as elevated rates of anxiety. 22 The psychological distress common in FM is an important consideration when profiling cytokine activity, as this distress has implications for inflammatory processes. Researchers have identified a  link between major depression and inflammatory markers  like IL-6  15 and TNF-α,  12 as well as less robust relationships  with IL-8 12,23 and DHEA-S. 14, 24, 25 Further, these cytokines may have overlapping contributions to inflammatory profiles; Dhabhar et al 26 reported that individuals with major depression also demonstrate an increased ratio of serum IL-6 levels to serum IL-10 levels, which may be an etiological contributor to depression-related inflammatory dysregulation. There is also evidence of increased levels of IL-6, 27 IL-10, and TNF-α in certain anxiety disorders. Similarly, an inverse relationship between DHEA-S and anxiety has been demonstrated in some populations, 28 though the evidence for this relationship is largely correlational. Further, the relationship between DHEA-S and anxiety may vary significantly by sex 28 and by age. 29 To date, few studies have examined inflammatory processes in FM with specific consideration for psychiatric distress, but psychological factors are likely a key factor in further characterizing the relationship between FM and cytokine levels.
Effects of aging on FM symptomatology
Cytokine and chemokine differences underlying FM must also be examined within the framework of human aging, as the prevalence of FM increases in older populations, 30 and inflammatory responses change as a function of the normal aging process. 16, 17 It is thought that age-related changes in inflammation are mediated by changes in immune function. 31 Although aging is well established as a predictor of inflammatory changes in healthy populations, there is a paucity of research examining age-related differences in cytokine activity in FM. Studies suggest that IL-6, IL-8, and TNF-α increase with age, [32] [33] [34] particularly when accompanied by significant life stress. 32, 33 Similarly, DHEA-S levels have been found to decline as a normal function of aging. 35 The extant literature also suggests the presence of sex differences in cytokine production, attributable in part to hormonal differences between men and women. 36 As previous studies have found differential rates of production of cytokines from human T-cells and monocytes that vary according to both age and sex, 37 these factors likely have coexisting effects on immune function and cytokine production and must both be acknowledged.
One salient factor that is relevant to female-specific aging and cytokine production is menopause. Menopause is a key biologic milestone that may underlie age-related cytokine changes in women with FM, as researchers have noted an increased rate of early menopause and 
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Proinflammatory cytokines and DHEA-S in women with fibromyalgia hysterectomies in women with FM and have suggested that these factors may contribute to the development of FM. 38 Others have noted that FM symptomatology may initiate or worsen at the onset of menopause. 8 The mechanisms by which menopause may cause or exacerbate FM symptoms have not been clearly demonstrated. However, postmenopausal women with FM have demonstrated decreased circulating levels of some hormones implicated in the regulation of inflammatory responses, which have been associated with greater serum levels of IL-6 and IL-8 in these individuals. 39 There is also evidence of a decline in DHEA-S levels in the years leading up to menopause, 40, 41 suggesting a contribution of aging factors that are unique to women. As menopausal status and psychiatric distress may contribute differentially to inflammatory processes in FM, the current study aimed to provide preliminary evidence regarding contributions of these variables to inflammatory markers and FM-related pain.
Hypotheses of the current study
The current study proposed to characterize cytokine activity in FM with a greater focus on the potential psychological and biologic contributors underlying this disorder. The current study utilized a subsample of women with FM from a larger study of cytokine reactivity in FM and chronic musculoskeletal pain. We sampled baseline serum cytokine levels (IL-6, IL-8, IL-10, and TNF-α), as well as DHEA-S levels, in pre-and postmenopausal women diagnosed with FM. We aimed to characterize all serum analytes and hypothesized that 1) cytokine and DHEA-S levels would vary significantly as a function of menopausal status; 2) there would be significant relationships between measures of depressive symptoms, pain-specific anxiety, and pain catastrophizing and all serum analytes; and 3) there would be a specific effect of depression on the ratio of serum IL-6/serum IL-10 levels.
Methods Participants
Thirty-four women were recruited through the Oregon Health and Science University, Portland, OR, USA, as part of an experimental study of cytokine responses to a negative imaginal focus induction. The current manuscript describes only the basal profiles of the FM participants. Twenty-one women reported having completed menopause and 13 reported being premenopause. Due to aberrantly high levels of IL-6, one postmenopausal participant was identified as an outlier and was excluded from analyses involving IL-6. The overall sample was a mean age of 50.3 years (standard deviation [SD] =12.1); premenopausal participants were a mean age of 37.8 years (SD =6.4), and postmenopausal women were a mean age of 58.3 years (SD =6.2). The sample was predominantly Caucasian (N=30). All premenopausal participants were in the follicular stage of their menstrual cycle when their lab visit was conducted. FM diagnosis was confirmed through review of copies of participants' medical charts. All postmenopausal women in the current sample underwent natural menopause, rather than surgically induced menopause. Menopausal status was determined by participants' self-reports regarding the cessation of their menstrual cycles; participants were asked how long they had been postmenopausal for, and only those women who reported being postmenopausal for at least 1 year were included in the study. Further, we supplemented participant self-report of menopausal status with baseline sex steroid testing (data not shown). Inclusionary and exclusionary criteria can be found in Table 1 . The Beck Depression Inventory-Second Version (BDI-II) 42 was used to identify participants with current and severe major depression at the screening session. Participants with active suicidality or a BDI-II score .35 were excluded from the current study.
Measures Depressive symptoms
The Center for Epidemiologic Studies Scale-Depression (CES-D) is a commonly used self-report scale that is used to assess subjective symptoms of depression in research studies. 43 The CES-D contains 20 items, coded 0 ("rarely or none of the time, less than 1 day per week") to 4 ("most or 
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Sturgeon et al all of the time, 5-7 days per week"), with higher numerical responses corresponding to the greatest intensity of each depressive symptom. Participant responses are summed, up to a maximum total of 80. A cutoff score of either 19 44 or 20 45 has been suggested to reflect clinically significant depression in chronic pain populations.
Pain-related anxiety
Participants were administered the Pain Anxiety Symptoms Scale 40-Item Version (PASS-40). 46 This questionnaire assesses domains of cognitive anxiety, pain-related fear, escape and avoidance responses, and physiological anxiety using 20 items on a 6-point scale, from 0 ("never") to 5 ("always"). 47 The PASS-40 has demonstrated adequate psychometric properties in clinical pain populations. 47 
Pain catastrophizing
Participants were administered the Pain Catastrophizing Scale (PCS), 48 which assesses trait levels of catastrophic thoughts about pain and has demonstrated a reliable factor structure in a variety of studies. [49] [50] [51] The PCS contains 13 items, coded from 0 ("not at all") to 4 ("all the time"), and summed for a total score from 0 to 52.
Pain intensity
Pain intensity was assessed using an 11-point visual analog scale (VAS), with scores from 0 ("no pain at all") to 10 ("worst pain imaginable"). VAS scales are a common method of assessment for pain intensity in chronic pain populations and have demonstrated validity for this purpose. 52 
Procedure Study visit scheduling
To minimize hormonal variability, premenopausal participants called the study coordinator at onset of menses, and the study visit was scheduled to occur during the follicular phase, within days 3-9 of their cycle. The follicular phase was chosen because it follows the menstrual period and is easy to predict in our sample of normally menstruating women by using a calendar. Study visits were scheduled ad libitum for postmenopausal participants.
Study visit procedures
Participants in the current study received $150 compensation for their participation in a larger study that involved 6 hours in the laboratory and a stress experiment. All participants arrived at the study site at 8 am, fasting since dinner the night before, having consumed only water and no caffeine that morning and having taken medications as prescribed. Participants completed study questionnaires and were measured for height, weight, and blood pressure. A topical anesthetic was offered prior to the placement of an intravenous catheter (22-gauge or 20-gauge) in the nondominant arm or hand. Following a 25-minute rest period, blood was drawn into two 10 mL Vacutainers (Becton, Dickinson and Company, Franklin Lakes, NJ, USA). Whole blood was immediately spun and aliquotted, and serum was stored at −80°C until the assays were performed. Serum levels of TNF-α, IL-6, IL-8, and IL-10 were measured in duplicate using a bead-based, high-sensitivity immunofluorescence assay according to the manufacturer's instructions (Millipore Inc.). Data were collected and analyzed using the Luminex 200 system Version 2.3 (Luminex, Austin, TX, USA). A four-parameter regression formula was used to calculate the sample concentrations from the standard curves. The threshold for detection for all analytes was 0.13 pg/mL.
DHEA-S levels were sampled using an enzyme-linked immunosorbent assay (ELISA). 53 At baseline, whole blood was collected in a sodium heparin tube, and an L1000 pipette set at 75 µL was used to pipette blood spots onto filter paper. After drying, blood-spotted filter paper was individually stored in tightly sealed plastic bags with several desiccant packets at −80°C. DHEA-S was measured by a serum-based solid-phase ELISA according to the manufacturer (DRG EIA-1562) and modified for dried blood spots as described. 53 Blood spot levels for DHEA-S correlate well with matched serum (r=0.89). Intra-assay coefficients of variation for the dried blood spot DHEA-S assay are 11.2% at 38 µg/dL, 5.0% at 126 µg/dL, and 12.9% at 244 µg/dL. Interassay coefficients of variation are 10.8% at 58 µg/dL, 4.4% at 113 µg/dL, and 7.8% at 260 µg/dL. The mean recovery is 104%. The ZRT Laboratory assay range (20-80 percentile) for women aged 15-80 years is 40-290 µg/dL and is age dependent, with higher values at younger ages and progressively tapering with age.
Statistical analysis
Means and SDs were calculated for demographic variables (age, body mass index), psychological variables (PCS, PASS-40, CES-D), cytokines (IL-6, IL-8, IL-10, TNF-α), and DHEA-S. All cytokine variables and DHEA-S were log transformed to address significant non-normality in their distributions. Demographic differences and psychological variables can be found in Table 2 , and descriptive statistics can be found in Table 3 . Differences between premenopausal and postmenopausal participants were calculated using between-group t-tests, and relationships between study variables were tested using Pearson r correlations. 
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Proinflammatory cytokines and DHEA-S in women with fibromyalgia Correlations between study variables in pre-menopausal women can be found in Table 4 , and correlations between study variables in post-menopausal women can be found in Table 5 . Moderation of relationships between psychological and cytokine measures was tested, when appropriate, by the interaction between menopausal status and the psychological predictor (eg, CES-D scores) in an analysis of covariance model. All analyses were conducted using SPSS Version 20 (IBM Corporation, Armonk, NY, USA). The correlations reported in the results section are presented with probability values that are not adjusted for multiple comparisons between variables. Given the small sample size and the prevailing goal adopted by the current study of identifying associations for future study, this was deemed an appropriate step for characterizing the potential relationships of substantive interest.
Results

Study demographics
Participants in the current study showed comparable levels of pain anxiety as previous studies of healthy women (mean 
Menopausal status and biological variables
DHEA-S levels did not differ significantly according to menopausal status. Regarding cytokine and chemokine differences, some statistically significant differences were noted according to menopausal status. TNF-α was significantly higher in postmenopausal women (t[31] =−2.873, P=0.007). Serum IL-8 levels did not significantly differ by menopausal status, though a trend toward higher IL-8 levels in postmenopausal women was detected (t[31] =−1.75, P=0.090). There were no menopausal status-based differences noted in levels of IL-6, IL-10, or IL-6/IL-10 ratios that reached statistical significance (P.0.10 in all cases). 
Relationships between biologic variables and psychological variables
Notes:
† P,0.10; *P,0.05; **P,0.01. All cytokine variables (IL-6, IL-8, IL-10, TNF-α) were log transformed to address non-normality. Abbreviations: IL, interleukin; TNF-α, tumor necrosis factor-α; DHEA-S, dehydroepiandrosterone sulfate; PCS, Pain Catastrophizing Scale; PASS-40, Pain Anxiety Symptoms Scale 40-Item Version; CES-D, Center for Epidemiologic Studies Scale-Depression. 
Discussion
The current study aimed to characterize basal cytokine profiles in pre-and postmenopausal women with FM through examination of serum concentrations of cytokines, chemokines, and inflammation-regulating hormones. Further, we sought to provide additional context to these findings through the examination of other factors that are likely to be contributory to inflammatory processes, namely menopausal status and psychological distress. Our findings revealed interesting differences in inflammatory processes when the menopausal status and psychological status of participants were taken into account.
Mean scores on psychological variables in the current study were comparable with previous samples of chronic pain using the PCS, CES-D, and PASS-40 scores. Premenopausal and postmenopausal participants reported similar levels of depressive symptoms and pain anxiety. Although premenopausal participants did report significantly higher levels of pain catastrophizing, the average scores on the PCS for these 
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Proinflammatory cytokines and DHEA-S in women with fibromyalgia participants were similar to previous samples of individuals with FM. 58 As noted previously, however, participants in our study showed somewhat elevated levels of depressive symptoms compared with community samples of healthy women, though no obvious differences in pain anxiety or pain catastrophizing were noted.
Our results suggested that IL-8 was correlated with depressive symptoms, pain catastrophizing, and pain-related anxiety for postmenopausal women but not for premenopausal women. These findings suggest a possible contributing role for IL-8 in psychological functioning in chronic pain, which is contrary to some previous findings. 14, 18, 59 While previous work has largely focused on describing inflammatory factors in isolation, our findings underscore the importance of considering menopausal status and psychological functioning in future studies that examine inflammatory processes that may underlie FM. It is particularly important to acknowledge the relative scarcity of attention paid to the role of menopause and other age-related factors in FM, despite evidence that the prevalence of FM increases as individuals progress further into old age, 30 and that there appear to be changes in brain structure and function that have age-dependent implications for individuals with FM. 60 Our results suggested no relationship between IL-6 and measures of psychological distress. While these findings stand at odds with the broader literature, largely comprising studies describing healthy samples, 10, 12 they support previous findings for FM. A study by Bazzichi et al 18 reported no differences in IL-6 and IL-8 plasma levels between those with FM and a diagnosed psychiatric disorder like depression and anxiety and those with FM and no psychiatric diagnoses. The reason for this divergence is unclear, though these findings may suggest a unique immune characteristic of FM. Our results do not allow for inferences regarding the specificity of this effect in FM versus a general effect of the experience of chronic pain, but the relationship between IL-6 and depression in other chronic pain disorders warrants further study in the future. Further, our finding of a significant relationship between depressive symptoms and IL-6/IL-10 ratios replicates previous research that suggests dysregulation of cytokine activity in depression. 26 We expected that menopausal status would modify the salience of IL-6/IL-10 ratios in the context of psychological functioning, but this was not supported by our findings. This null finding may have been attributable to a small sample size, however, which will be discussed later. Additional research of this relationship is therefore needed in larger samples.
It is notable that DHEA-S levels did not correlate with pain intensity or cytokine or chemokine levels in our study, which were somewhat unexpected findings. However, it is conceivable that DHEA-S plays a more dynamic role in the regulation of inflammatory responses, as to an acute stressor, but does not have a detectable relationship in the basal state with these immune factors. It is also possible that the regulatory effects of DHEA-S are too complex to be adequately characterized using correlations. Previous evidence suggests that the effects of DHEA-S may be best described in their relation to cortisol 61 and testosterone levels, 62 both of which have implications for immune competence and markers of inflammation like IL-6 and IL-8, and may be affected by other underlying medical factors like hypothyroidism 63 or low estrogen. 64 The overall literature regarding inflammatory processes in FM is inconsistent and commonly includes conflicting results. 65 The inconsistency of these effects may be attributed to variability in measurement and analytic methods, sample size, and lack of sufficient adjustment for relevant confounding variables such as physical activity, medical status, and psychiatric comorbidities. 16 Such methodological and statistical issues limit the interpretability of the extant literature and highlight the need for greater methodological rigor and a greater consideration for relevant third variables in order to characterize inflammatory processes in FM in the correct context. The current study was intended as a preliminary attempt to identify salient contributing factors to inflammatory processes in FM, thereby highlighting the need to account for these factors in future studies.
Limitations
A primary limitation of the current study is the size of our sample. As a result, the current study should be considered a pilot study that was exploratory in nature and was conceived as an attempt to detect novel associations between the study variables that could be more stringently examined in future studies. The limited size of our sample means that our findings require replication in larger samples to ensure that they are reliable. Our results are similarly limited due to the unbalanced size of the groups; conclusions regarding our findings should be made with caution and with the understanding that there was a comparatively larger number of postmenopausal women, which may explain some degree of the difference in significant relationships between variables in the pre-and postmenopausal groups. Further, our presented findings do not provide adjusted significance values that account for the multiple comparisons posed by our analyses. We deemed this approach necessary, given the small size of our sample and our intention to identify novel effects, but the lack of adjustment to the presented probability values is nevertheless a significant limitation. Consequently, our findings should be interpreted with this caution in mind. Additionally, some recent evidence suggests that measuring reactivity, rather than basal levels, of IL-6 may constitute a more reliable measurement approach in individuals with FM. 66 As the current study provided only basal values of IL-6 and other biological variables, examination of these relationships with regard to cytokine reactivity is warranted in future studies.
We determined the presence of FM by relying on participants' medical records, rather than performing diagnostic testing to confirm participant diagnoses during the study. This approach relies on diagnosis from previous medical providers, which may be variable with regard to adherence to a strict set of diagnostic criteria for FM. Though we have no reason to suspect inaccurate FM diagnoses in our study sample, our results should be interpreted with this caution in mind. Similarly, the current study did not specifically target individuals with clinical mood disorders. It is possible that specific examination of individuals with diagnosed mood disorders such as major depressive disorder may demonstrate stronger relationships between distress and cytokine production if these relationships are examined according to sex-and age-specific factors, as in the current study. Due to differences in the processing of sampling assays compared with previous studies, we were also unable to provide comparisons with cytokine levels in healthy preand postmenopausal women, which could serve to provide additional context to our findings and would provide a clearer illustration of the processes of FM. Although FM is predominantly found in women, comparison of our findings with similarly aged men, both with and without FM, would also be beneficial to delineate the unique aspects of sex, aging, and inflammatory processes in FM. As a result, we urge attention to these issues in future studies. Despite these limitations, we propose that our findings regarding differential implications of psychological and menopausal status for IL-6, IL-8, and IL-10 activity should be interpreted as preliminary findings that warrant further examination with additional sampling in a larger study in the future.
Conclusion
The current study sought to characterize differences in basal proinflammatory cytokine profiles in women with FM. While data are preliminary, the current study is among the first to present serum cytokine levels in women with FM, and the first to do so with specific attention paid to age-related and psychological factors. Our findings regarding the role of menopause are particularly important, as they highlight the potential importance of aging factors in understanding the development of FM in women. However, replication of our results in larger samples of women with FM is necessary. Our findings highlight an avenue for future research that may provide additional utility in characterization of the complex etiology and clinical presentation of FM.
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